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Introduction  

• Why tracking Ag nanoparticles (Ag-NPs). 

• Environmental concerns; possible reactions, products and their toxicity.  

• Toxicity factors: dissolved Ag-NPs (Ag+). 

• The most common Ag corrosion product, silver sulfide (Ag2S). 

• Bulk or nanoparticle  



Present work:  

• sulfidation of Ag-NPs with aqueous Na2S and their effect on surface 

properties, aggregation state, surface charge, and dissolution rates 

(toxicity factors) in different  Na2S to Ag-NPs ratio (S/Ag). 

 

List of techniques used: 

• synchrotron based X-ray Diffraction (XRD) and Extended X-ray 

Absorption Fine Structure spectroscopy (EXAFS) 

• Transmission Electronic Microscopy (TEM) and Scanning Electron 

Microscopy (SEM) 

• X-ray Photoelectron Spectroscopy (XPS) 

 



Experimental, synthesis of Ag-NPs. 

 PolyVinylPyrrolidone (PVP) in  

ethylene glycol 

+ 

 AgNO3  in DI water @ 

140˚C 

2 hr stirring 

at 140 ˚C 

Centrifugation and 

washing with 

acetone and water 

Kim, D.; Jeong, S.; Moon, J. Synthesis of silver nanoparticles using the polyol process and the influence of precursor injection. 

Nanotechnology 2006, 17, 4019–4024. 



Experimental, Sulfidation of Ag-NPs. 

 10-3  M Na2S solution in a 0.01 M NaNO3 

electrolyte (fixed) 

+ 

 varying concentrations of 

Ag-NPs solutions (pH=7) 

 

24 hr stirring 

@ RT 
Washed (DI water) 

and centrifuged 



Characterization and results: 



Characterization of the initially Synthesized Ag-NPs,  

SEM, XRD 

SEM analysis: 

•Quasi-spherical 

•Average particle size 39±9 nm 

XRD: 

•Ag-NPs  crystallize in fcc structure  (matching that 

of metallic bulk silver: ICSD-64706) 

•No other crystalline phases 



Loss of the Organic Capping Agent (PVP) during Sulfidation 

 

•The total carbon weight 

% of carbon in initial Ag 

NPs: 1.4% 

•Use of XPS to 

investigate the presence 

of PVP amount on the 

surface before and after 

sulfidation and with 

different S/Ag ratios 

 

 



 



Characterization of the product of sulfidation,  

synchrotron-based XRD and EXAFS 

XRD: 

 sensitive to the presence 

of crystalline phases. 

 New phase: stable form 

of silver sulfide called 

acanthite (monoclinic) 

 New phase formation 

increases with S/Ag  

 Crystalline size: 15.9 nm, 

polycrystalline  

 



 

Rietveld analysis: 



Characterization of the product of sulfidation,  

synchrotron-based XRD and EXAFS 

EXAFS spectroscopy: 

 collected at the Ag K-edge  

 sensitive to all Ag-bearing phases and is independent of 

their degree of crystallinity 

 Linear combination fitting (LCF) 





 



Combination of XRD and EXAFS methods  

Fractions of crystalline and amorphous: 

 

 

 

 

 

 

yAgº = 0 , all of the metallic silver is crystalline 

• xAgº /xAg2S= a , from rietveld analysis 

• xAgº +yAgº= b , from LCF 

• yAg2S +yAg2S=1-b 



Percentages of Agº and crystalline/amorphous Ag2S as a 

function of S/Ag ratio 

 



 

TEM images 

S/Ag = 0.055 S/Ag = 0.019 

S/Ag = 0.540 S/Ag = 0.308 S/Ag = 1.079 

Initial Ag-NPs 



 

Higher resolution TEM image 

S/Ag = 0.055 



Dissolution rate measurements of Ag-NPs before and after 

reaction with increasing S/Ag ratio 

 



Zeta potential and surface charge measurements 

for Ag-NPs and sulfidized samples in different pHs 

 



Conclusions 

 Presence of PVP coated on the nanoparticles does not prevent 

sulfidation. 

 By sulfidation some of PVP capping agent desorb from the surface 

and cause aggregation and decrease in toxicity. 

 Silver sulfide formed as product of the sulfidation, contains both 

amorphous and crystalline regions, with growing the crystalline 

part with increasing the ratio. 

 The acanthite phase is formed as nanobridges  between the 

nanoparticles and grow to complete conversion. 

 Decrease in Ag+ released from sulfidized samples as a result of low 

Ksp of silver sulfide lead to much lower toxicity of the 

nanoparticles. 

 So the more the concentration of the sulfide, the more silver 

sulfide is formed which leads to less toxicity. 

 

 



 

Thank you for paying attention  


